This study is aimed to measure the fungal loads in the protected areas with different ventilation systems, including the stem cell transplantation unit and haematology sevice to compare the results with the outdoor air. Using volumetric air samplinc method, fungal load was investigated in the air; samples were taken from 11 points for a period of 25 weeks. Concentrations of fungal conidium were identified by the sampling carried out in the stem cell transplantation unit patient rooms, stem cell transplantation unit corridor and entrance area, adult haematology sevice patient rooms, haematology sevice corridor and hospital garden. Considering the total fungi load in all groups; Fonsecaea sp. (40.6%) Penicillium sp. (32.9%), Alternaria sp. (7.1%), Aspergillus sp. (5.8%) and Arthrographis sp. (3.3%) were found to be the most common species. In this study, effect of the ventilation system on the total fungus concentration was obviously seen. But, there was no obvious difference in terms of the Aspergillus concentrations between high-efficiency particulate air (HEPA) filtered stem cell transplantation unit and haematology sevice where a filter of lower efficiency was used. There was not an obvious difference between the indoor and outdoor locations in terms of the distribution of identified species. This might be explained with outdoor fungi contamination reflecting to the indoor location in a certain amount.
INTRODUCTION
Advances in modern medicine have brought a significant increase in the number of patients under the high risk for opportunistic infections with a supressed immune system. Among these opportunistic infections, nosocomial fungal infections take an important place with high mortality rate and treatment cost (Haiduven et al., 2009) . Aspergillus species that we encounter more as pulmonary infections are the most common opportunistic mold fungi (Kousha et al., 2011) .
Even with intensive medication and antifungal treatment, invasive Aspergillosis (IA) has become a leading cause of death for patients with haematologic *Corresponding author. E-mail: betilozhak@yahoo.com. Tel: +90 505 7406887. malignancies and bone marrow transplantations. IA is known to be an airborne infection. Although a quantifiable level of contamination leading to an increased risk of infection has not been determined, increased airborn Aspergillus spp. have been correlated with increased incidence of IA (Alberti et al., 2001; Arnow et al., 1991; VandenBergh et al., 1999) .
The patients with suppressed immune systems who followed-up in haematalogy service (HS) and stem cell transplantation unit (SCTU) where nosocomial fungal infections pose the highest rate of problems are under a great risk due to particles carrying microorganisms (VandenBergh et al., 1999; Leenders et al., 1999) . Given difficulties in the diagnosis and poor treatment results, increasing the air quality in the hospital and keeping the concentrations of Aspergillus conidia under cotrol seems an effective strategy in order to prevent IA infections (VandenBergh et al., 1999; Erol, 2010; Fridkin and Jarvis, 1996; Perlroth et al., 2007; Richardson et al., 2000) .
This study is aimed at determining for the first time the fungal contamination quantities in adult HS and SCTU of our hospital where the patients were under risk for invasive fungal infections. A further objective of this study was to investigate efficiency of the ventilation systems used in these critical locations of our hospital. For this purpose, air samples were collected from these parts of our hospital for a period of 25 weeks and the mean contamination values were obtained.
MATERIALS AND METHODS
Air samples were collected from total 11 areas of Akdeniz University Medical Faculty, including adult HS corridor, four patient room of HS service, two adult SCTU patient rooms, adult SCTU corridor and the corridor open to visitors in front of the SCTU (to represent the ventilation in other parts of the hospital), and two samples were collected from the hospital garden (to represent outdoor air) once a week for a period of 25 weeks from january to june.
The ventilation was provided by high-efficiency particulate air (HEPA) filters which were filtering the particles of 0.5 µm in size with an efficiency of 99.9% in the adult SCTU rooms, a filter in the adult HS which was filtering the particles of 0.5 µm in size with an efficiency of 95.9% and the fan system in the corridor in front of the SCTU unit with 35 to 40% efficiency similar to the other areas of the hospital. Depending on having similar ventilation systems, similar patient concentration of 11 study areas were divided into 6 groups ( Table 1 ). The sampling operations were performed from the same points and at same time of the day (08:00 to 10:00 AM). Air sampling was performed using the air quality control device (airIDEAL BioMérieux, France) providing automated cultivation of a certain volume of air (with the vacuum effect in an air flow rate of 100 L/min) to the medium of Sabouraud dextrose agar (SDA) (Becton Dickinson, USA) containing gentamicin and chloramphenicol. Sampling SDA mediums were controlled daily at 25°C and incubated for 7 days.
Fungus colonies were counted, volume of the air was calculated depending on the sampling period (100 L per 1 min) and the corresponding number on the charts of the air quality control device was found and, the levels of contamination were calculated as CFU/m 3 .
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Furthermore, macroscopic appearance of the cultivated fungi colonies in the medium was analyzed and the microscopic properties were evaluated by obtaining the pure cultures and staining with lactophenol cotton blue (Remel, USA). Statistical analyses were carried out using Mann Whitney U test and windows SPSS 10.0 statistical package software.
RESULTS
Considering the total fungi loads in all groups; Cladosporium sp. (40.6%) Penicillium sp. (32.9%), Alternaria sp. (7.1%), Aspergillus sp. (5.8%) were found to be the most common species (Table 1 ). The differences between the total fungal concentrations of the SCTU rooms and the other locations were found statistically significant (p<0.005).
Fungal concentrations collected from all the study areas are shown in Table 1 . Mean concentrations of Aspergillus species collected from all the study areas are shown in Table 2 . Considering the total fungi loads in all groups; 23.3% were found as A. fumigatus. 26.6% A. flavus, 25.3% A. niger and 35.8% were found as the other Aspergillus species (Table 2 ). The differences between Aspergillus sp. Concentrations of SCTU enterence area and all other areas were found to be significant (p<0.05).
DISCUSSION
Looking to the overall distribution identified in this study, Cladosporium sp., Penicillium sp., Alternaria sp. and Aspergillus sp. were the first five most common species. In addition, there was not an obvious difference between the indoor and outdoor locations in terms of the identified species and their distribution. This might be explained with outdoor fungi contamination reflecting to the indoor location in a certain amount.
There is no air contamination standard which is recognized worldwide for the critical parts of hospitals (Panagopoulou et al., 2002) . However, previous studies noted the fungus contamination between 0.01 and 50 CFU/m 3 depending on the conditions such as whether the study location was in a protected area, air filtration system and age of the building (Munoz et al., 2000) . When the data of the total fungus concentration per cubic meter were assessed, effect of the ventilation system on the fungus concentration was obviously seen. In the measurements carried out, areas with the lowest fungal contamination in the air were the locations in SCTU which was ventilated with HEPA filtering system. These locations were followed by HS areas having one filter with 95.90% efficiency and the corridor in front of SCTU which was ventilated through a filter with 35 to 40% efficiency, and area with the highest fungal concentration was the hospital garden as expected.
In their study, Pini et al. (2004) followed-up two haema-Afr. J. Microbiol. Res. tology wards in relation with the construction and demolution works in some large buildings in order to assess the fungal load in the air, both qualitatively and quantitatively for two years. Fungus counts in that study were maximum out of the building and increased in the hematology ward from the closed (protected) toward the open areas (Pini et al., 2004) . The authors proposed that, increase of the outdoor fungal concentrations almost inva-riably caused increase of the contcentrations in the wards. Level of Aspergillus was proposed by many authors to be less than 5 CFU/m 3 for the operating rooms and protected isolation rooms, although it is desired to be less than 0.1 to 1 CFU/m 3 (Perlroth et al., 2007) . Considering the SCTU and HS protected areas, air contamination with Aspergillus sp. was less than 5 CFU/m 3 for these locations. Level of contamination was above 1 CFU/m 3 even in the SCTU patient rooms which were protected by HEPA filter. One of the remarkable finding of our study was that, no obvious difference in terms of the Aspergillus concentrations was found between HEPA filtered SCTU and HS where a filter of lower efficiency was used. Level of contamination in the SCTU entrance area was found above 10 CFU/m 3 which is accepted as the contamination level for unprotected areas. The conditions (unhealthy working of the filters, opening of the windows or insufficiency isolation, excess human entrance, doors not to be kept closed, having food in these locations, materials to be taken in with contamined outer packages etc.) which might increase the air contamination with Aspergillus should be investigated and the necessary measures should be taken in collaboration with relevant department to decrease the contamination down to the desired levels.
In a study by Curtis et al. (2005) mean Aspergillus concentration was found as 7.2 CFU/m 3 in the KIT rooms with HEPA filter, higher than our results. In the study by Pini et al. (2004) which was similar to our study, mean concentrations of Aspergillus sp. were found as 1.2 CFU/m 3 in the rooms, 3.5 CFU/m 3 in the corridors and 5.6 CFU/m 3 in the outdoor. Our results demonstrate that the use of ventilation systems decreases fungal contamination of the air in a certain amount. However, levels of Aspergillus contaminantion did not fall to zero even in the locations having HEPA filter. In practice, it is impossible to completely eliminate risk of the contamination with Aspergillus, although it can be minimized. Installation of a HEPA filtered ventilation system is not enough alone; proper maintenance and sustainability of them is also important. Air sampling is useful in order to control whether the system is still healthy.
This study was conducted in a period with lack of the activities such as construction and maintenance which produce plenty of dust, enabling us to obtain basal data for these locations of our hospital. This data would be compared with the sampling to be performed within the framework of the infection control program in the condiTığlı et al. 5609
tions (reconstruction activities, improper cleaning of ventilation ducts, putting live plants into the rooms, opening of the windows etc.) which have been defined to increase risk for the invasive fungal infections. Although, this paper study period not to cover one year might be seem as an insufficiency; effect of the seasonal changes on amount of the fungi in the air are not clear. Many authors report an increase in the levels of contamination during the summer months, while the observations about effects of the seasonal climate change on of Aspergillus load are controversial (Panagopoulou et al., 2002; Goodley et al., 1994) . Since our study was the first to be conducted in the critical locations of our hospital, we obtained the levels of contamination for these locations for the fisrt time; thus determination of the environmental sources of the transient high concentration is out of the objectives of this study. However, data from this study will form the basis for further studies to be conducted with this objective.
